
Time Series

A Simple Index Number
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A Laspeyres Index
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Exponential Smoothing ( 0 ≤ w ≤ 1 )

E1 = Y1

E2 = wY2 + (1− w)E1

E3 = wY3 + (1− w)E2

· · · · · · · · · · · · · · · · · · · · · · · · · · ··

Et = wYt + (1− w)Et−1

Time Series Components

Yt = Tt + Ct + St +Rt,

where Tt � secular trend, Ct � cyclical e�ect, St � seasonal e�ect and Rt � residual e�ect.

Forecasting: Exponential Smoothing

Ft+1 = Et

Ft+2 = Ft+1

Ft+3 = Ft+3 = Ft+1, etc.

Holt � Winters (Double Exponential) Smoothing ( 0 ≤ ν ≤ 1 )

E2 = Y2; T2 = Y2 − Y1

E3 = wY3 + (1− w)(E2 + T2); T3 = ν(E3 − E2) + (1− ν)T2

· · · · · · · · · · · · · · · · · · · · · · · · · · ··

Et = wYt + (1− w)(Et−1 + Tt−1); Tt = ν(Et − Et−1) + (1− ν)Tt−1

Forecasting: Holt � Winters Smoothing model

Ft+1 = Et + Tt

Ft+k = Et + kTt
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Measuring Forecast Accuracy

1. Mean Absolute Deviation

MAD =

m∑
t=1
|Yt − Ft|

m

2. Mean Absolute Percentage Error

MAPE =

m∑
t=1

∣∣∣Yt−Ft
Yt

∣∣∣
m

· 100

3. Root Mean Squared Error

RMSE =

√√√√√ m∑
t=1

(Yt − Ft)2

m

Seasonal Regression Model

E(Yt) = β0 + β1t+ β2Q1 + β3Q2 + β4Q3,

where t � time period and

Q1 =

 1, if quarter 1

0, if quarter 2, 3, or 4

Q2 =

 1, if quarter 2

0, if quarter 1, 3, or 4

Q3 =

 1, if quarter 3

0, if quarter 1, 2, or 4
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